Introduction
Nitrate-nitrogen (N0 3 -N) has been deemed a main source of pollutant for both shallow groundwater and surface water bodies. The main source of N0 3 -N in the Mississippi River Basin (MRB) is linked to tile drainage (Lowrance, 1992; David et al. , 1997) . Approximately 25% of agricultural land is artificially drained in Iowa (Baker et al., 2004) and subsurface drainage is the main source of N0 3 -N loss. Schilling and Zhang (2004) reported that while Iowa accounts for 5% of the area of the MRB it contributes approximately 25% of N0 3 -N load (23 lb-N acre-1 ) over a 28-year period from 1972 to 2000. Plot scale experiments measured N0 3 -N loss of 23 to 49 lb-N acre-1 year 1 in northeast Iowa (Weed and Kanwar, 1996) , 24 to 27lb-N acre-1 in central Iowa (Baker et al., 1975 ; Baker andjohonson, 1981 ; Kanwar et al., 1983 ) and 6 to 56 lb-N acre-1 year 1 in northwest Iowa (Lawlor, et al. , 2008) .
The mass of N0 3 -N loss is closely related to subsurface drainage volume (Baker et al, 1975; Cambardella et al., 1999) . April, May and june were found to be the main subsurface drainage period. In these 3 months , nearly 70% of the drainage occurred in north-central Iowa (Helmers et al., 2005) , and 7l% of the annual drainage and 75% of N0 3 -N loss were observed in Minnesota during this period (Randall and Vetsch , 2005) .
Annual cover crop, perennial living mulch and perennial grassland have the potential to reduce N0 3 -N leaching in the Midwest. Annual winter cover crops, which have historically been added into corn-soybean rotation to achieve soil and water conservation benefits in the Midwest (Kaspar et al. , 2001; Unger and Vigil, 1998) , were studied to assess their potential in reducing subsurface drainage volume and N0 3 -N concentration in the drain flow thereby decreasing the N0 3 -N loss from the soil. Strock et al. (2004) found that using rye as a winter cover crop in Minnesota reduced drainage water by 11% and N0 3 -N leaching by 13%. In a 4-year field experiment conducted in Iowa, Kaspar et al. (2007) reported that average annual N0 3 -N loss from winter rye cover treatment was 17.7 lb-N acre-1 which was 61% lower than the control treatment, and that N uptake by rye was as high as 4 3 lb-N acre-1 with a fertilizer rate of 2l 0 lb-N acre-1 and 220 lb-N acre-1 to corn in a corn-soybean rotation. Italian ryegrass, alfalfa, and kura clover are examples of living mulches. Perennial grassland serves as an effective nitrogen loss reduction approach because no fertilization is necessary and it has a longer growing period than winter cover crop , however at present there is little economic market for the product. Baker and Melvin (1994) documented that the N0 3 -N concentration in the drain tile under alfalfa was much lower than that under corn or soybean.
In Iowa previous research on N0 3 -N loss with rye as a winter cover crop were conducted with relative high N rates (Kaspar et al., 2007) . Reports on perennial living mulch as an approach of water quality protection is very limited. To get a better understanding on the effects of land covers on N0 3 -N loss, a field experiment was conducted in northwest Iowa with winter rye cover crop in com-soybean rotation, kura clover as a living mulch for corn and a pasture land cover. The objectives of this study were: 1) to evaluate the impact of a different land covers on N0 3 -N loss in subsurface drainage under a recommended crop fertilization; 2) to investigate the N0 3 -N concentrations in the soil water under different land covers and 3) to quantify theN uptake by different cover crops in the spring.
Materials and methods

Site description
The field study was conducted from 2006 to 2008 on the Agricultural Drainage Water Quality -Research and Demonstration Site (ADWQ-RDS, former Agricultural Drainage Well Site) near Gilmore City in Pocahontas County which has been described in greater detail by Helmers et al. (2005) , Singh et al. (2006) and Lawlor et al. (2008) . An automatic meteorological station was installed at the site. The size of each plot was 125 feet in length and 50 feet in width. The plots were established after the installation of corrugated plastic drain tiles through the center and both boundaries parallel to the long dimension (25 foot Ssacing) at a depth of 3.5 feet. All subsurface drainage lines extended to one of the two sumps where water was collected and pumped into a nearby wetland. Drainage water from each center line is collected in an aluminum culvert with automatic pumping, volume monitoring and water sampling systems.
A six-treatment experiment was established in a completely randomized block design. The six land cover treatments in 2006, 2007, and 2008 were (Table 1) : 1) com-soybean rotation initiated with corn in 2006 with fallow in spring (fallow-Com-fallow-Soybean-fallow-Corn, fCfSfC); 2) com-soybean rotation initiated with soybean in 2006 with fallow in spring (fallow-Soybeanfallow-Com-fallow-Soybean, fSfCfS); 3) com-soybean rotation initiated with corn in 2006 with rye cover crop (rye-Corn-rye-Soybean-rye-Com, rCrSrC); 4) com-soybean rotation initiated with soybean in 2006 with rye cover crop (rye-Soybean-rye-Com-rye-Soybean, rSrCrS); 5) Corn with established kura clover as a living mulch (kura-Kura-kura-Corn-kura-Corn, kKkCkC); and 6) Pasture as a perennial grass treatment (PP). The plots were blocked by drainage characteristics, resulting in 4 blocks as high drainage, medium high, medium low and low blocks based on the long-term drainage performance. One plot in each block was randomly assigned to each treatment (6 treatmentsx4 blocksx1replication) in this study. This experiment was initiated in 2005 but data presented in this paper started in April 2006 since 2005 was considered a transition year due to previous plot treatments.
Agronomic management
Agronomic field activities were completed in a timely manner prior to and during the crop season beginning in October 2004 with plot tillage and rye seeding. Tillage for seedbed preparation for perennial crops was completed in the spring just prior to planting on April 18, 2005. 'Endura' kura clover (Trifolium ambiguum) was hand seeded at a rate of 11.6 lb acre-1 , the perennial pasture plots were hand seeded with 'Duration' red (Trifolium pratense), and 'Pinnacle' ladino (Trifolium repens) clovers with 'Extend' orchardgrass (Dactylis glomerata) at 8 .0, 0 .5, and 4.0 lb acre-1 , respectively. 'Rymin' rye (Secale cereale) was drill seeded at a rate of 89.2 lb acre-1 in 7.5 inches rows with a skip row every 30 inches for subsequent corn or soybean planting in the spring. Commercial-grade 28% aqueous ammonia-nitrogen (N) was applied at 125 lb-N acre-1 in spring closely following corn emergence to corn plots only. See Table 2 for agronomic timing details.
Drainage volume monitoring, sampling and analysis
Drainage flow volume was measured by a magnetic flow meter, connected to an electronic data logger. Meter readings were also recorded manually. Samples were collected after every 0.5 inch of subsurface drainage flow, and thereafter were stored in a cooler at 39°F until analyzed. N0 3 -N concentration was analyzed in the Wetland Research Laboratory, Iowa State University through the second-derivative spectroscopy technique.
Soil water solution and biomass sampling
Soil water solution was sampled using two suction lysimeters (3 feet apart) installed along the median line between the center and boundary lines at the depths of 1 and 2 feet in each of the medium high, medium low and low flow block plots. A vacuum of -10.8 psi was applied to the suction lysimeters every week and any available soil water solution sample was collected every three to four days. Soil solution samples were processed and analyzed in the Agricultural and Biosystems Engineering Water Quality Laboratory, Iowa State University using a Quickchem 2000 Automated Ion Analyzer flow injection system (Lachet Instruments, Milwaukee, Wise.). Rye shoots were sampled weekly from early spring until chemically desiccated by roundup . Weekly kura clover and pasture shoots sampling coincided with rye and continued until late june. From july, corn, soybean, kura clover and pasture were sampled once every three weeks until early October. Rye, corn and soybean were sampled along a 1-foot long section at four randomly selected locations; Kura and pasture were sampled in a 1x1 foot 2 area randomly selected at three locations in each plot. Samples were dried at 140 F for a week in ovens at the Agricultural Engineering Farm of Iowa State University. Dry matter weight was recorded. Total nitrogen (TN) content was analyzed for all samples obtained from rye plots, two occasions for Kura clover and pasture, and two occasions for corn soybean plots. Total nitrogen analysis was conducted in Soil Plant Analysis Laboratory at Iowa State University by the combustion method. TN for the plant shoots of 2008, which is still in process, is not available.
Statistical analysis
Subsurface drainage volume, flow-weighted N0 3 -N concentration in the subsurface drainage, N0 3 -N loss and N0 3 -N concentration in the suction lysimeter were analyzed as a completely randomized block design using PROC GLIMMIX procedure in SAS software which can test the significance of difference for unbalanced data. Means were grouped using a least significant difference test at p=0.05 (LSD 005 ).
Results and discussion
Precipitation and temperature
Daily precipitation and temperature for the study period are presented in (Lawlor et al., 2008) . The long-term monthly average temperatures during the rye growing season in March, April, and May are 33.8°, 47.5° and 60.0°F The temperatures during these three months in 2 006 were 34. 3o, 53.1 o and 60.4 oF which were higher than the long term average. However, in 2007, the average temperatures in March and May were 38.8° and 64.6°F which were higher than the average, but in April the average temperature was 45.3 °F, lower than the long-term average in April. The average temperatures in March, April, and May for 2008 were 29.SO, 43.9° and 56.5°F, which were lower than the long-term averages.
Drainage and N0 3 -N leaching
The annual discharge for the 24 plots varied from 1.2 to 9.4 inches in 2006,4.1 to 39.8 inches in 2007, and 3.5 to 35.7 inches in 2008 (Table 3 , 4, and 5). The average annual drainage of all land cover treatments was 13.4 inches during the three years observation, which represented 51.4% of the rainfall during the drainage season. The total average drainage in April, May and June was 8.7 inches which accounted for 65.0% of the annual drainage while 81.5% of the total rainfall occurred in these three months. There was no significant difference in monthly or annual drainage volume due to land cover treatments except that the drainage of kKkCkC in May 2007 was significantly lower than fSfCfS, fCfSfC, and rSrCrS treatments. 3 lb-N acre· 1 for fSfCfS and fCfSfC treatments, and 35.8 lb-N acre· 1 for rSrCrS and rCrSrC treatments on average over the three years. The average total N0 3 -N loss during April, May, and June was 25.0 lb-N acre· 1 for fSfCfS and fCfSfC, 59.6% of the annual N0 3 -N leaching. Rye followed by soybean grew around 20 days longer than that followed by corn due to the later planting date for soybean. While not significantly different there was some slight reduction in N0 3 -N loss during April, May and June for the winter rye cover crop treatment. In these three months the average NO -N loss for fSfCfS and fCfSfC was 25.0 lb-N acre-1 and 22.7lb-N acre-1 ' 3
for rSrCrS and rCrSrC.
The average drainage volume was not significantly different over the three years (Table 6 ). The three-year flow weighted N0 3 -N concentration of kKkCkC and PP treatments were significantly lower than other treatments (Table 6 ). Average annual N0 3 -N losses from fSfCfS and fCfSfC were 40.0 and 32.7 lb-N acre-1 , comparable to the values of N0 3 -N loss from rSrCrS and rCrSrC which were 34.5 and 37.0 lb-N acre-1 . The average annual N0 3 -N loss ofkKkCkC and PP treatments were 21.5 lb-N acre-1 and l3.9lb-N acre-1 , which were 48.9% and 66.9% lower than the annual N0 3 -N loss from fSfCfS and fCfSfC treatments. The average annual N0 3 -N loss of PP treatment was significantly lower than all corn-soybean treatments (p<0.05).
Suction lysimeter N0 3 -N concentration
Nitrate-nitrogen concentration in soil solution ranged from 0.1 to 33.4 mg N L-1 for fSfCfS, 0.4 to 38.1 mg N L-1 for fCfSfC, no detection (:S:0.01 mg N L-1 ) to 26.6 mg N L-1 for rSrCrS, no detection to 22.1 for rCrSrC, no detection to 77.6 for kKkCkC, and no detection to 15.0 mg N L-1 for PP On average over two depths, N0 3 -N concentration in the soil solution in 2007 for the rCrSrC treatment was found to be significantly lower than fCfSfC by 56.4% (p<0.05) ( Table 7) . Although not significant, N0 3 -N concentration in rSrCrS treatment was 21.5% lower than that in fSfCfS treatment. PP treatment significantly (p<0.05) reduced the N0 3 -N content in soil solution compared with any other treatments.
N0 3 -N-nitrogen concentrations at 1-foot were not significantly different than those at 2-foot depth, indicating that N0 3 -N concentration was not stratified at these two depths. However, in the PP plots, the average N0 3 -N concentration in the soil solution at 1-and 2-foot was 1.2 mg N L-1 , 72.9% lower than the flow-weighted N0 3 -N concentration in the tile line (3.5 feet deep). For the corn-soybean rotation treatments, no matter with or without rye as a winter cover, the N0 3 -N concentrations at 1-and 2-foot were generally higher than that in the tile flow in spring and early summer but lower in August and September. Moreover, in the corn-soybean and pasture treatment plots, the N0 3 -N concentration in the soil solution in April, May and June were lower than those in August and September. An inverse pattern was observed in kKkCkC treatment, which reflected the fertilizer application in June, 2007 and little uptake of N fertilizer due to poor corn growth.
Biomass and N uptake of spring land covers
Biomass and nitrogen uptake of spring land covers was lower in 2007 than in 2006 (Table 8 and  Table 9 ). Winter rye cover crop growing in the rye-soybean treatment was chemically desiccated in the middle to late May and the rye in the rye-corn treatment was killed in the late April with a difference around 20 days. At killing, the average rye biomass was 1320 lb acre-1 . The average biomass of rye followed by soybean was 2086 lb acre-1 , while biomass of rye followed by corn was 553 lb acre-1 . Within the 20 days after the rye followed by corn was killed, rye followed by soybean accumulated 79 .8% of the biomass in 2006 and 77.9% of the biomass in 2007. In the early June, observed biomass was 3500 lb acre-1 for Kura clover and 2 706 lb acre-1 for pasture.
With the accumulation of above ground biomass, nitrogen content in the grass and legume shoot decreased during the sampling period from late March to early June. Nitrogen content declined from 5.7% on March 29 to 1.9% on May 25 for the rye followed by soybean in 2007 . At killing, the average nitrogen uptake by rye was 29.7lb-N acre-1 In early june, the cumulative nitrogen uptake was 53.4lb-N acre-1 for kura clover and 29 .6lb-N acre 1 for pasture.
Conclusion
This study evaluated the impacts of various land covers in N0 3 -N concentration and leaching in Iowa. In total, 51.4% of the annual rainfall exited through the subsurface drainage system. April , May and june were the main drainage months with 65.0 % of the annual drainage. From the six different land cover treatments over two years, there were no significant differences among annual drainage volume .
The average annual flow-weighted N0 3 -N concentration in the fallow corn or soybean treatments was 13.7 mg N L-1 N0 3 -N concentration in the drainage flow from the corn-soybean treatments during April, May and june consistently exceeded the 10 mg N L-1 limit set by USEPA for drinking water. Rye followed by soybean was found to significantly reduce annual flow-weighted The average annual flowweighted N0 3 -N concentrations from the drain tile of the kKkCkC and PP treatments were 6.9 and 5.4 mg N L-1 respectively, and were significantly lower than other treatments. Compared with corn-soybean without spring land cover treatments , kura clover as a living mulch and perennial pasture treatments resulted in a 48.9 % and 66.9 % reduction in annual N0 3 -N leaching, respectively.
Rye followed by soybean reduced the N0 3 -N concentration in the soil water solution significantly (56.4%) at the 1-and 2-foot depths. Pasture treatment showed significantly lower N0 3 -N concentrations in the soil solutions at these depths than all other treatments. At killing, the average nitrogen uptake by rye was 29 .7lb-N acre-1 In early june, the cumulative nitrogen uptake was 53.4 lb-N acre-1 for kura clover and 29.6 lb-N acre-1 for pasture.
Overall, this study indicates that winter rye cover crop , kura clover as a living mulch and perennial pasture land covers had positive effects on N0 3 -N concentration under the weather conditions presented during these three years in Iowa.
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